Introduction
In recent times a growing policy interest has focused on the vital role played by high-impact innovative firms. Veugelers and Cincera (2010) observe that Europe lags behind the US in terms of 'yollies' -that is, Young Leading Innovators. These dynamic young fast-growth firms generate enormous economic benefits, although they face a number of challenges to develop their business ideas (in particular here, problems obtaining finance).
As a response to interest in innovative SMEs, public policy has sought to provide assistance to these firms during the times when they can be expected to be most vulnerable. These policies are not guaranteed success however -the returns to innovation are highly skewed (Coad and Rao, 2008) , with most attempts ending in failure. The design of appropriate policy support for innovative SMEs remains problematic.
In recent times the UK has attempted to imitate the Small Business Innovation Research (SBIR) program which was introduced by the US government just over two decades ago in 1983. The UK version of the program, which was called the Small Business Research Initiative, was run from 2001, but was later labelled a failure in evaluations in that it did not reflect the performance in terms of participation by government departments or spending on contracts of the similar policy in the US (Connell, 2004; Connell, 2006) . At the end of 2007 calls for improvements on the UK's SBRI program were made in the Sainsbury Review, and a new reformed version of the initiative was created upon these recommendations and run in pilot form in 2008. This new version of the SBRI has now been running since 2009 and it has been evaluated more positively since. However, there are still issues being brought forward which may prevent the scheme from living up to its US counterpart. In this paper we focus mainly on SBRI Mark II as opposed to SBRI Mark I.
Previous research has used the US SBIR as a benchmark for evaluation because it is considered by many to be successful. The US SBIR, however; was established back in 1983 and so it can be argued that it is not fair to compare it to the relatively new UK version. The previous research does not make a comparison between the initial years of the exemplar initiative in the US with that of the UK SBRI.
In this paper we present new evidence on the UK SBRI scheme, from data obtained from the Freedom of Information Act. We compare the initial years of the UK SBRI and US SBIR schemes and highlight their similarities and differences, and discuss how the SBRI might be refined to make it more effective.
In Section 2 and 3 we provide a literature review surrounding the US SBIR and the UK SBRI. In section 4 we describe our methodology and data. Section 5 compares these two schemes, and Section 6 concludes and offers some policy recommendations.
Literature review: The US Small Business Innovation Research (SBIR)
The US SBIR first came into being as a scheme run by the National Science Foundation (NSF) in 1977. The NSF brought in the program in response to the lack of funding available by them to small businesses. The small business community had complained that they were at a disadvantage when competing for funding, and represented an untapped resource. It was thought that small businesses could also carry out the high quality research required, and then have the ability to commercialise the product. In strong contrast to the usually academicallyoriented NSF, the SBIR program was created; the idea being to fund small businesses with innovative research ideas, especially if they had the potential to be commercially viable (NRC, 2008) . The scheme was recognised as a useful method of innovation procurement by the government and it was established as part of Innovation law at Congress as The Small Business Innovation Development Act of 1982. This 1982 act states that all departments with external research budgets of over 100 billion dollars must operate their own SBIR program which requires 0.2% of their external research budgets. Despite the rhetoric of free markets and government disengagement, the SBIR can be seen as part of the "hidden developmental state" (Block, 2008) .
In 1982 the following objectives were published for the SBIR (Small Business Administration,
2012):
 "to stimulate technological innovation,  to use small business to meet Federal research and development needs,  to foster and encourage participation by minority and disadvantaged persons in technological innovation, and  to increase private sector commercialization of innovations derived from federal research and development."
(Note that employment growth is not an explicit objective of the SBIR (Link and Scott, 2012) .)
Since this act was passed it has been reauthorized twice, both times to increase the amount of external budget that needs to be put aside by government departments for their SBIR programs.
The budgets were first raised in 1992 to 1.5% and second in 1997 to 2.5% and this is where the benchmark has stayed. These increases in budget were justified by support for the SBIR's apparent early success: " [SBIR] has effectively stimulated the commercialization of technology development through federal research and development, benefiting both the public and private sectors of the Nation" (as quoted in Audretsch et al, 2002, p147) .
For a company to participate in the SBIR programme they must adhere to the following requirements (SBA, 2014):
 "A company must be organized for profit, with a place of business located in the United States;
 At least 51 percent owned and controlled by one or more individuals who are citizens of, or permanent resident aliens in, the United States Or  At least 51 percent owned and controlled by another for-profit business concern that is at least 51% owned and controlled by one or more individuals who are citizens of, or permanent resident aliens in, the United States and;
 Of no more than 500 employees, including affiliates."
Below is a summary of the SBIR process adapted from the SBA website (SBA 2014):
1. Competition opened by government agency supported by the Small Business Administration Board.
Proposals received from companies.
3. Applications given ranked priority label (outstanding -do not fund) and picked by panel for Phase 1 -demonstration of technical merit, feasibility, and commercial potential (Lasting 6 months and not usually exceeding $150,000).
4. The progress of Phase 1 projects in terms of technical merit, feasibility, and commercial potential are assessed and successful projects given Phase 2 funding (lasting two years and not usually exceeding $1 million). This is the product development stage.
5. If Phase 2 is successful then projects may move to Phase 3 -pursuit of commercialization activities. No further SBIR funding is offered, just the suggestion that some federal agencies may provide non-SBIR funding for R&D or production contracts for products/processes/services intended for government use.
2.1 Deviation in government agency use of the SBIR guidelines:
The SBIR process above is generally adhered to by government agencies, but they are viewed more as baseline recommendations and are sometimes exceeded. A less defined aspect of the process is the way in which competitions are offered. Some agencies offer competitions for innovative solutions to very specific topics requiring innovations, agencies such as the National Institutes of Health (NIH) may also require a specific form of solution e.g. research carried out and not necessarily a new technology. Other agencies like the Department of Agriculture will only identify an area of interest, and this allows companies to pick both the problem and solution they would like to provide within that area Some agencies like the NIH often provide larger than the standard Phase 2 funds and prefer companies to make more 'realistic' bids on what they can provide and how much it might cost. This approach means that more money can be spent if necessary, some projects may not otherwise be affordable, it also helps avoid companies offering less than realistic prices for their work and then requiring more money to complete the project later on (Connell, 2006) . Agencies like DARPA have also offered fast track SBIR contracts, also known as the Phase 2 Enhancement Program. This version of the contracts is available to companies whose projects have already secured some funding, either from other government sources or the private sector, and require extra funding for the Phase 2/product development stage (DARPA, 2012) .
Phase 3 is an ill-defined stage -they state that no SBIR funding is offered -however, some assistance may be offered with commercialisation. Projects that successfully complete Phase 2 are then considered eligible for Phase 3. Agencies can choose to fund the companies further with non-SBIR money, they can also provide the company with connections with other useful contacts. Phase 3 status shows a good level of competence from the participating small company and may make it attractive to private sector investment. Phase 3 status is still valid even if the product is supplied through a sub-contractor or the small company is brought by a larger Aside from the above, there are also additional forms of funding in the form of one-off grants outside the normal guidelines. One type is "Phase 0" funding, this is a small grant of up to $5000 to assist with SBIR application preparation costs (to be eligible, the company must be able to put the same amount of money towards the preparation costs as the government gives them).
A second form of pre-Phase I funding is "Seed Grants" which are for up to $10,000. This funding is to provide support for early stages of planning or development of a technology and like the Phase 0 funding the company must match the amount of funding donated with the same amount of their own funds.
One last additional support fund is the Accelerated Commercialisation Fund, this involves a company receiving an investment from the government which matches the investment the company has received from the private sector. This way private sector investors have an extra incentive to invest in a project (Connell, 2006) .
Overall it can be said that the SBIR process is adaptable for use by each individual agency and there are additional support options to make the programme more accessible.
SBIR political, social and economic environment
Since the SBIR's establishment in 1982, there have been many events which may have affected its performance over the last three decades. Prior to the SBIR's establishment, there had been periods of recession and unemployment as well as the "Reaganomics" era of policymaking (starting in 1981) which promoted deregulation. Evaluations of the effects of these years of policy are mixed; some goals of the policy were not exactly achieved but the developments were not necessarily detrimental to the SBIR program. This was not exactly the case as government spending was not reduced, rather it was reallocated from civilian purposes to the defence budget, and so may have actually boosted funding for SBIR from agencies like DARPA. Tax reductions did occur and this may have boosted private sector business. It is thought that these policy changes caused mostly positive economic effects with reduced unemployment and increased GDP per working adult of 1.8% in comparison to the previous government (0.8%) (Niskanen, 2002) . During Bush's government in the 1990s, it is thought that there is a continuation of Reagan's policies except for an increase in taxes. During the 1960s and 70s, the shift from industry to services can be thought of as a positive development except for the effects of globalisation in the years since. Competition from other countries due to increased trade and higher corporate taxes has caused US companies to shift departments like manufacturing to other countries with lower labour costs and looser regulations. This may not directly affect the SBIR programme, except for the general economic environment for the companies involved being affected negatively by higher taxes, and perhaps finding it harder to compete in open markets, and so some may no longer reside in the US.
During the 1990s and early 2000s, the US went through a period of high economic growth in terms of GDP and stock markets, however; government debt increased by 75%. The seemingly successful housing market made the economy seem to be secure during the early 2000s until finally in 2008 a recession affected the US and many other countries in Europe, mainly due to a failure in the way the housing market was handled (Hodgson, 2009) and unemployment has also reduced (CEA, 2011).
SBIR performance
Over the last three decades there have been issues raised with how the SBIR works. The first question to be raised concerned the commercialization rate for the SBIR. The second question concerned multiple award winners. In 1992 it had been noticed that certain firms were able to apply and win many SBIR contracts at once, not only this but only a third of applicants to the programme between 1993 and 1997 were new applicants. The idea of "SBIR Mills" was introduced as a name for firms which generally carry out research and do not carry out much commercialisation activity. These mill firms rely on SBIR to be operational. Due to this issue, and that it is difficult to judge the direct effects of the SBIR, it is difficult to evaluate the SBIR performance. In 1999, however, this question was answered with a favourable review stating that on average one in four projects resulted in the commercialisation of a product or process.
Another critique of the SBIR programme has been the concentration of contracts awarded to certain states (with the largest portions of SBIR contracts going to California and Massachusetts (SBA, 2014) ). To combat this latter issue, the SBA has an outreach office to help publicize the opportunities to under-served areas.
More recently in 2001 the dispute surrounding the Venture Capital Problem re-emerged.
Complaints were made about small firms who were mainly owned by other large companies and so perhaps less in need of the funding were being able to win contracts. This caused issues in the relationship between the SBA and venture capitalist firms and so a compromise was achieved in 2005; small firms owned by venture capitalist firms can apply for SBIR funding as long as no one VC firm holds the majority stake (COS, 2005) .
More recently an external assessment of the SBIR was called for by the US government in order to evaluate whether it was achieving its goals. The goals of the SBIR are summarised in this evaluation (Wessner, 2008) as:
1. "Supporting the commercialization of federally funded research.
2. Supporting the agency's mission.
3. Supporting small business and, in particular, woman-and minority-owned businesses.
Expanding the knowledge base.
In Wessner (2008) , evaluations of success were mainly made by comparisons between SBIR programmes of different agencies and states, although it is noted that these observations should be viewed with caution, since most agencies hold their own individual goals for their SBIR programmes. It is also worth noting that the problem of bias encountered when interviewing different actors in the SBIR process (including successful and non-successful applicant companies). There were problems with gathering comparable data for relevant indicators from all agencies. Despite methodological challenges overall the study emphasizes that it is the most comprehensive to date (2008) and that this is due to its empirical multifaceted approach. The key findings of the study was that the SBIR programme is sound in theory and effective in practice, it is fulfilling most of its goals, although there is room for improvement. Seven key recommendations are made from the study (Wessner, 2008 These case studies are only a few examples of the large number of contracts that have been awarded over the last three decades, and they only detail contracts that have been successful, and so they do not give an unbiased view of the general results of the SBIR. 1 They nevertheless are examples of how the theory behind the SBIR programme can lead to success in some contracts.
Most recently in 2011 a revision of the law surrounding the SBIR was agreed (due to be published and put into practice in August 2012). The following changes are to take place (Office of Innovation, 2012):
1. Increased SBIR set asides for agencies, from 2.5% to 3.2%.
2. Requirements for simplifying and streamlining the program.
3. Caps on the amounts of individual contracts.
4. More support for Phase 3 transitions and commercialisation.
5. Greater level of reporting from agencies for better accountability.
6. Stronger measures to prevent abuse of the programme.
7. Funding for the administration to initiate the above improvements.
SBIR data
There is a good level of basic quantitative data available for the SBIR between the years of 1983 and the present.
Perhaps the most useful data for evaluating the investment and growth of the SBIR programme over the years is the data concerning the number of contracts issued per year and how much each is worth. Figure 1 
Literature review: The UK Small Business Research Initiative (SBRI)
The US SBIR is widely thought of as successful, 2 and as the UK's procurement abilities have been ranked as low as 40 th worldwide, it is no wonder that a UK version of the programme came into being (Bound and Puttick, 2010) . The Technology Strategy Board (TSB) is responsible for overseeing the UK version of the SBIR with a similar name: the Small Business Research Initiative (SBRI). The TSB is funded by the UK Government Department for Business, Innovation and Skills. The purpose of the TSB is similar to that of the US SBA in that it is responsible for a range of innovation programmes, although unlike the SBA it is not restricted to small business innovation programmes. The UK SBRI was first established in 2001 almost two decades since the US version. In the beginning the idea was that government departments would set aside 2.5% of their R&D budgets for the SBRI (although this was not mandatory). UK departments did not take to the new initiative, and some even saw the SBRI as a kind of "Small business tax" -they were not open to the possible benefits of the program and just saw it as an unnecessary drain on funds (Connell, 2006) . This resulted in almost all departments not participating for the first few years. It was not until 2005 that the government made it mandatory for all departments to participate in the SBRI (Sainsbury, 2007) . Another problem was that only 1% of departments were using the contracts for their intended purpose, the rest were just being used to carry out academic research and development that they would carry out anyway (Connell and Probert, 2010) .
In a further blow to the performance of the SBRI, research began to emerge that UK entrepreneurs and small companies were going elsewhere to find pre-commercial funding. The Connell (2006) report revealed that start-ups in the US can receive ten times the amount of government financial support as their equivalent in the UK. For example, start-up company 'Diagnostics for the Real World' was established on work carried out at the University of Cambridge and owner Dr. Lee decided to set it up in the US instead of the UK, giving the statement: "We would all have preferred to establish the company in Cambridge, rather than California, because Cambridge is where the research and development has taken place but the funding gap for start-up biotechnology companies in the UK is such that we did not have a choice".
2 While Wallsten's (2000) empirical analysis is unfavourable for SBIR (suggesting that SBIR 'crowds out' private investment), other authors such as Audretsch et al (2002) are more favourable.
In 2007 Lord Sainsbury published his report "Race to the Top"; the UK's poor procurement abilities were outlined and the US SBIR praised as a success story. Several recommendations were suggested (which originate from David Connell and Anne Campbell) for a reformed version of the SBRI that would be a much better replica of the US SBIR (Sainsbury, 2007): 1. Government departments must interact with companies in order to make the best use of their procurement abilities and achieve departmental objectives.
2. Departments should advertise clearly, simply and regularly the areas of interest they wish to be investigated.
3. SBRI awards should be arranged in a two phase structure in order to minimize risk.
4. These awards must be in the form of contracts and not one off grants, so as to reassure private sector investors that the firm is capable and eligible for considerable funding.
5. SMEs should keep the intellectual property of the result of the contract as an incentive.
6. Awards should only be given for projects relating to the kinds of research which this initiative was intended to encourage.
7. It was also suggested that the TSB resemble the US DARPA in terms of human resources (i.e. include a mixture of academics and industry specialists) and that it is now be responsible for the running of the SBRI.
Around 6 months later in 2008 a response to the Sainsbury report was published by the department for Business, Innovation and Skills detailing that the government would be implementing the recommendations. In addition the report suggested that government departments should twice yearly notify the TSB of the technological areas in which they would like to fund projects, and this way SMEs would be able to find all of the competitions advertised in one place. The assessment of proposals should then be made jointly between the department and TSB. SBRI research and development budget set-asides were said to build up over the first three years, starting at 1.5% and then reaching 2.5%. The pilot of the new SBRI was to be (Corry et al, 2011) . This environment may have negatively affected the amount of money made available to the reformed SBRI after public finance and spending came under scrutiny.
3.2
The reformed SBRI
The process of the reformed SBRI is shown in Table 1 , alongside that for the US SBIR.
One major difference is that the UK SBRI does not have a Phase 3. After Phase 2 the company is expected to commercialise the product/process themselves and then it may be procured by the government or other entity. The other difference is the UK's lack of size restriction on who can apply for the contracts. Unlike the US who reserve their contracts for smaller companies, the UK offers them to many institutions, and just expects most applicants to be SMEs as it shouldn't be as attractive to larger companies. The UK SBRI also does not have the kind of support funds that the US scheme has for bridging any extra gaps which may occur in making their application e.g.
Phase 0 fund. The UK does have similar grants available where the company must be able to match the funds they are looking for via another source in order to obtain the funding e.g.
SMART grants (TSB, 2014). 
US SBIR UK SBRI
Competition opened by whom?
The Small Business Administration Board.
The Technology Strategy Board.
Who can apply?
Companies with 500 employees or less and at least 51% commercially owned.
Any company, including prestart up, universities and charities.
How are applications evaluated?
Applications given ranked priority label (outstanding -do not fund) and picked by panel for Phase 1 -demonstration of technical merit, feasibility, and commercial potential (Lasting 6 months and not usually exceeding $150,000).
Most "interesting" applications chosen by panel to go through to Phase 1 -demonstration of feasibility (Lasting up to 6 months and £50-£100k).
How are Phase 1 projects assessed?
In terms of technical merit, feasibility, and commercial potential are assessed and successful projects given Phase 2 funding (lasting two years and not usually exceeding $1 million).
The progress of Phase 1 projects are assessed to decide if they will continue to Phase 2 -development of prototype (lasting about 2 years and worth between £250,000 and £1 million).
What happens beyond Phase 2?
If Phase 2 is successful then projects may move to phase 3 -pursuit of commercialization activities. This phase does not appear to give any assistance and seems like more of a goal stage. No funding is offered.
No further assistance past Phase 2.
Is there a Phase 3? Yes No
Source: SBA and TSB, 3013.
In 2010 a review (Bound and Puttick, 2010) was carried out to gauge how successful the reform had been. The review highlighted that, in its first year, 74% of contracts awarded by the SBRI were given to SMEs. The new SBRI has also received positive feedback from government departments who now view it as a useful tool for innovative ideas and also providing access to a wide variety of companies. The downside is that it is still thought that support still needs to be won over from people in some departments, especially as cut-backs begin to happen (as R&D will be the first to be cut).
In interviews with companies and entrepreneurs, there were also mainly positive reviews of the reformed scheme. Improvements suggested by the Peer review included:
 A clearer structure of who deals with the SBRI between departments and the TSB.
 Clarification of what Phase 3 could look like, as the end of Phase 2 is a worrying period for involved companies.
 Continuity in budget could be improved, as departments are suggesting funding may be cut due to the recession.
In contrast to the Bound and Puttick (2010) some contrasting issues were brought forward such as: the contracts still being too academically orientated, the application process being too slow and unclear and also departments like the NHS being too slow in taking on innovations. Connell and Probert summarise that many firms to not see the public sector as innovative and also that very few competitions had been run. It should be noted that the Bound and Puttick review was carried out within the previously publicly run organisation NESTA and so a more positive view may have been taken on the progress of the SBRI than would a non-government associated body.
Since the reformed version of the SBRI began, it has been suggested that it is too soon to judge its performance, although forecasts have been made. For example, the diagram below ( Figure 3) taken from "Buying Power?" by Bound and Puttick (2010) offers a forecast that, with the benefit of hindsight, looks overly optimistic (as we shall see). 
Methodology and data

Methodology
At present, there is data on the first five years of SBRI, which we will use to compare the first five years of the two programs -that is, 2009-13 for the UK SBRI and 1983-87 for the US SBIR.
Information on the US SBIR is available from the Small Business Administration (SBA, 2014).
This information includes details of the number of SBIR contracts awarded per year and their combined value for each year since 1983. This data includes number of awards per competition phase, per government department or to companies within a particular state. There is also additional information on awards to ethnic minorities and women.
For the UK SBRI information was requested from the Technology Strategy Board (TSB; the administrative body for the SBRI). The request was made under the terms of the Freedom of Information Act, and the TSB were very accommodating with the request; first discussing the limitations of the data they could provide and then promptly sending what data they had.
To compare 1983-87 US dollars with 2009-2013 UK sterling, the US data are deflated using the Consumer Price Index (CPI) obtained from the US Department of Labor Bureau, 3 and then converted into pounds using historical exchange rate records. 4 We then adjust for the difference in population size between UK and the US. This method is outlined below.
A case study comparison is made of the US SBIR and UK SBRI (Tredgett & Coad, 2013) . The methodology of each are compared using freely available qualitative data.
Method for making financial statistics from 1983-87 comparable with statistics from In order to show the method of conversion an example will be used. The following data is shows the total annual financial value of Phase 1 and 2 contracts awarded by the US SBIR and the UK SBRI in the first five years of each program:
Example raw data: As the first five years of the US SBIR were in 1983-87 we need to account for inflation rate before the older values from 1983-85 can be compared to the first five years of the UK SBRI in 2009-11.
To do this we can use the American historical records of the Consumer Price Index provided by the US Department of Labor Bureau (BLS, 2014) to work out what the worth of the money ($) spent in 1983-87 would be in 2009-13. To do this the online resource "US Inflation Calculator" was used which works by using the US government CPI records to calculate the results of historical and current inflation rates. The following is an example of how the calculator uses the CPI to covert a cost by inflation (CoinNews, 2012): "Let's say you spent $20 to buy some goods or services today. How much money would you have needed in 1980 to buy the same amount of goods or services?
The average CPI for 1980 = 82.4
The average CPI for 2011 = 224.9
The following formula is then used to calculate the price: In order to convert the older SBIR data, firstly input the data of the first year of the US SBIR along with it's year (1983) and the first year of the UK SBRI (2009) Secondly, in order for a more direct comparison we can convert the financial results from each program into one currency -For this it was chosen to convert the US data into UK £.
To do this I need to use exchange rates which were valid for the years in which we are comparing the data within (2009-13). Historical exchange rate records (both year average rates and spot rates) can be found at HM Revenue and Customs website (HM Revenue and Customs, 2014) . From there the relevant annual exchange rate averages for the years 2009-13 were used to convert the US $ financial data to UK £: The total financial value of contracts seems to fluctuate with the number of contracts awarded as expected (the financial value increases with a higher number of contracts and vice versa). The Monthly data gives a more detailed idea of how contracts are distributed, from the graphs below (Figures 4 and 5) we can see that there is one large spike of Phase 1 contracts and Phase 2 contracts in 2009, after which the levels of contracts awarded for both phases plateaus. There is another spiked increase of Phase 2 contracts in March 2012 but interestingly there was not much of an increase in Phase 1 contracts before that, it seems that there may just have been a higher number of Phase 1 contracts upgraded to Phase 2 and this is confirmed by the continuation rate shown in table 2 for 2012. Source: TSB, 2014.As can be seen in Figure 6 , the number of applicants also follows the same pattern of distribution as the number of contracts awarded. To see if the number of competitions seems to be related to the number of applicants, the distribution of competitions is shown in Figure 7 . contracts awarded, at the monthly level. The positive correlation suggests that many applicants are awarded (or declined) their contracts within the same month. This is consistent with the explanation that there is no 'bureaucratic bottleneck', since applicants seem to get processed rather fast. Instead, if the number of awards is deemed to be too low, this is not necessarily due to an inefficient selection process, or a lack of funds, but perhaps because of a small number of high-quality innovative firms (Nightingale et al, 2009 ). One last feature of this data which could be of interest is that we can work out an applicant and Phase 1 -Phase 2 progression continuation rates (see Table 2 ). This data shows a relatively stable rate of initial applicant success ranging from 13.47% to 30.06%. The continuation rates for progression to Phase 2, however, seem to include one very high success rate in 2010, it may be more useful to observe this data in later years to see whether this is an anomaly.
Comparison of UK SBRI data with US SBIR data
If the raw data on the reformed UK SBRI and US SBIR are compared it seems as though the US SBIR is out performing the UK version of the policy (see table 3 below). In order to better evaluate the performance of the reformed UK SBRI in its first five years, we can compare its data with that of the first five years of the US SBIR. A comparison of the US SBIR and UK SBRI is presented in Table 4 . Source: SBA and TSB, 2014. Notes: Years 1-5 correspond to 1983-87 for the US and 2009-2013 for the UK. Figure 9 shows that there are consistently more contracts being awarded by the US SBIR than the UK SBRI. The difference between the two is most evident for Phase 1 contracts -the US SBIR awarding at least twice as many, and at most over four times as many. There is not as much of a difference between the numbers of Phase 2 contracts awarded by each program, however, it is also evident that the US SBIR data increases at all points, whereas the UK SBRI data fluctuates as well as not growing at the same rate. The money spent on US SBIR Phase 1 and 2 contracts is comparatively higher than that spent on UK SBRI contracts at all points except for one ( Figure 10 ) -Phase 2 of UK SBRI is higher at year 1 and this is because the UK SBRI has slightly more on Phase 2 contracts in the first year (there are no SBIR Phase 2 contracts recorded for 1983). Another notable feature of this data is that there is not much difference between money spent on Phase 1 and Phase 2 contracts in the case of the UK SBRI, whereas the data for the US SBIR shows that a much higher amount of money is being spent on Phase 2 contracts than on Phase 1. A comparison of the mean financial values of SBRI and SBIR contracts is provided in Table 3 .
Although we don't have information on the distribution of contract sizes, it gives a rough idea on the amounts spent per contract. Higher amounts of money are being spent on Phase 2 contracts than their Phase 1 counterparts, as expected. The first and last mean values for UK SBRI phase 2 contracts are strangely much higher than that of all points of mean spend by the US SBIR. The mean spend of the US SBIR on Phase 1 contracts has remained much the same whereas that of the UK has been near the same amount but has fluctuated as either higher of lower the US amount. The mean spend of the US on its phase 2 contracts appears relatively consistent when compared to the UK who generally have spent less on average except for two very large spikes of phase 2 spending at years 2 and 5.
Finally, we compute what we call the 'continuation rate' which is a rough proxy for progression from Phase 1 to Phase 2 (calculated as number of Phase 2 contracts divided by number of Phase 1 contracts for each year). As mentioned previously in regards to the UK SBRI the 'continuation rate' to Phase 2 has fluctuated between very low scores to average scores when compared to the relatively stable figures for the US SBIR.
Discussion and Conclusions
If the raw data on the reformed UK SBRI and US SBIR are compared it seems as though the US SBIR is out performing the UK version of the policy (see table 3 above). In this study we attempt to give a more valid comparison by comparing statistics from the first five years of each programme in order to gauge whether the UK SBRI is on track to be as successful. To do this the US statistics have been adjusted quite dramatically due to the time gap in between the beginnings of the two programmes and also due to the large population differences, they may affect the validity of the resulting data (population size doesn't necessarily gauge how much money a country has to spend). The US data was adjusted for inflation, exchanged to £Sterling and also divided by population size (in relation to the UK) and so it should be noted that these conclusions are based upon this adjusted comparison and not the raw data.
Another major factor to be taken into account is that the US SBIR was started almost three decades before the UK SBRI, and the intervening time periods have seen substantial changes in the modern economy (such as the rise of venture capital and the ICT sector). Many other contextual differences exist. As a result, it is natural to expect the UK SBRI to differ considerably in terms of scope, scale, and objectives. For example, while government procurement was one of the objectives of the US SBIR, procurement is less meaningful in the UK context because procurement opportunities are limited by European competition law. While 'clawback' of funding by firms that leave the country or are acquired by multinationals is less of an issue in the US (The US SBIR makes no attempts at clawback), it has been applied by some countries (such as Israel) and might be a sensible policy for the UK considering the small scale of the UK economy, and also the fact that successful UK firms often choose the US for their IPO (Mason and Brown, 2012) .
Another central feature of our analysis is that we focus on the first five years only. Although there is not much data available yet, nonetheless we consider it an important opportunity to take stock of what has happened so far and think about how the SBRI can be improved. Three periods is the minimum number of data points needed to observe non-monotonic relationsand we do indeed observe non-monotonicity as opposed to the smoothly-increasing trends observed at the start of the US SBIR. After interest from the first wave of applications, it seems that the interest from relevant groups in applying for the competitions may have stagnated. This 'shaky start' could be due to the 'law of large numbers' dampening the volatility of US statistics, although it could also signal that UK policy makers are being 'jumpy' or agitated. We suggest that policy-makers should commit to creating a stable policy environment where they can learn together with firms and other actors how to make the SBRI policy work (Avnimelech et al, 2010 ).
To be cost-effective, the UK SBRI needs to think beyond merely handing out taxpayer's money and consider other options that might treat particular concerns more effectively. One option would be to emphasize peer-reviewed development of business ideas -following more closely the US SBIR which relies heavily on peer-review of grant applications. It would also be beneficial to better understand the complementarity of the SBRI with venture capital markets (in the US, VC investors often advise firms to first go through SBIR to develop their ideas before returning to VC for further funding).
There is already a large number of pro-SME policies in place in the UK, and the combined cost is huge. Storey (2006, p248) writes that "in the UK, the annual total financial support for small business is equivalent to a public expenditure of GBP7.9billion... To contextualize that expenditure, each year the UK spends more money on small businesses than it spends on the police force." (See also Hughes, 2008 .) Such estimates of these costs are not easy to obtain, however: "the total public budget devoted to funding SME and Entrepreneurship policy is rarely quantified, primarily because there are so many of these public programmes, and they are delivered by a multitude of different agencies." (Storey, 2006, p270) . One of the problems hindering the coherence and effectiveness of these programmes is that they are spread across a number of departments, and that the objectives of such programmes are not explicitly stated.
Therefore, it would be worth explicitly stating why the SBRI is different from other UK SME (and innovation) policies, and also allowing for evaluation of the SBRI, and updating the SBRI to take into account policy-learning.
Unlike the US SBIR, the UK SBRI does not seem to have a clear set of goals. In order to evaluate whether it is performing well, some clear objectives such as those set by the US would be useful.
From the data in this study we can get an idea of the scale of the UK SBRI in comparison to the US SBIR when it began. It does seem that after examining the evidence that the SBRI has not reached the same level as the SBIR at this time. It shows that although the SBRI has been reformed to be more like the SBIR, there are further problems in implementing the same policy in the UK which may require further adjustments to the SBRI.
The way in which the two programs were implemented is generally similar, but one major difference is that the UK program is not just aimed at small businesses. This implies a larger target audience for the scheme, although the number of applicants remains small. In fact, our analysis suggests that the problem is not a lack of funding (supply of finance) but small numbers of high-quality applicants (demand for finance). As such, the SBRI only appears to have a limited (although crucial) role to play in the UK economy. SBRI will not in itself guarantee UK economic growth, although it will be a valuable ingredient. Even if the SBRI is observed to be successful, it
is not sensible to quickly scale up by doubling the available funds, because the critical factor is the limited availability of high-quality innovative firms as 'inputs'.
The reformed UK SBRI has been praised for its smooth operation, although some companies have been put off by the procedure, in interviews opinions have been expressed that the SBRI is still too academically-oriented and not as flexible or user-friendly (Connell, 2010) . This is not helped by the UK government's departments initial attitudes to the SBRI (seeing it as a 'tax' on their budgets) -even though it is now compulsory and departments see its benefits more than before, some have expressed views that SBRI will suffer from austerity cuts (Connell and Probert, 2010) . Another point is the lack of additional funding help to increase access to the SBRI -in the US there are many different funds which help in preparing a company even before it applies for a SBIR contract to increase its chances of success.
There could be many reasons for the fluctuating number of applicants, such as: i) lack of competitions relevant to the industries and research interests of companies (in terms of topic or perhaps how the research is to be carried out, academic or applied etc.); ii) Reputation of the old SBIR; iii) expectations of the SBIR process being unclear (for example, a clear guide to what happens after Phase 2 may help, if it is possible for UK government departments to aid in bringing about commercialisation of a product they wish to purchase then perhaps a Phase 3
should be added -otherwise the company needs to know this won't be a risk and waste of time); and iv) there is the possibility that the calls for applications were not well designed or weren't compelling or were badly advertised. The results show that the numbers of applicants are beginning to recover, however and so perhaps some of the stigma of the problems listed above have lessened.
Future work would benefit from richer data. It would be helpful to find out how many applications are received by the US government to see how this relates to the number of contracts awarded. Furthermore, interviews with companies in the potential interest group could be carried out to find out if there are any factors that discourage them from applying.
